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PURPOSE

It is the objective of this project to conduct a research study
and experimental investigation of techniques and equipment characteristics
suitable for practical application to non-alphanumeric graphical data
processing for military requirements. All phases of the graphical data
processing art will be considered, including the treatment of raw
graphical data, identification, programming, selection, indexing, access
to storage, and presentation. The studies and demonstrations of feasi-
bility will be designed to evaluate the practicability of the proposed
techniques and systems, with sufficient detail to be useful in estab-

lishing the design criteria necessary for equipment procurement.

The program of work to be carried out in accordance with the exten-

sion of Contract DA 36-039 SC-78343 will consist of:

(1) The study and development of organizations of combined
fixed and adaptive networks that will permit recognition
of patterns independent of size, displacement, and
rotation, (a) in the presence of interfering signals

and noise, and (b) on a real-time basis.

(2) The development of components and subsystems suitable

for implementing the schemes devised in (1).

(3) The design and construction of an experimental
Graphical Data Processing Machine making use of
the techniques and components found to be most

practicable by investigations (1) and (2).



ABSTRACT

Major decisions have been made regarding the design of the experi-
mental pattern-recognition machine, MINOS II, to be constructed under the
present contract. Much of the total effort has been expended in support
of our fundamental premise that the development of inexpensive, adaptive
weights will allow their use in quantities sufficient to ensure the
practicality of learning machines for real pattern-recognition tasks.
Several devices dependent on the electromagnetic or magnetostrictive
properties of common magnetic materials or components have been developed
and are described. All are compatible with some form of coordinate-
address logic for nondestructive read-out and adaptation. Two sonic
transmission-line configurations allow the use of time-dependent logic
if needed. Several multiaperture ferrite core configurations offer high
reliability and speed. An adaptive weight with desirable storage
characteristics, invented by H. S, Crafts (now an SRI staff member), was
re-examined as a result of a substantial reduction in component cost.
This weight uses two tape-wound cores which generate a second-harmonic
component proportional to the net remanent flux when driven by a high-
frequency current. The above features, combined with the development
at SRI by Crafts and G, E. Forsen of a simple coordinate-address array,
determined the choice of this weight for MINOS II.

System simulation studies pertinent to the design of MINOS II are
summarized., It was determined that majority-rule coding of the binary
outputs of a layer of adaptive, threshold-logic units compares favorably,
for random input patterns, with maximal-length, shift-register coding,
and is simpler to use from a hardware point of view, System and circuitry
design requirements and realizations for the preprocessing unit of MINOS

II are also described.
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PUBLICATIONS, LECTURES, REPORTS, AND CONFERENCES

An article written by A. E, Brain, G. E. Forsen, N, J. Nilsson, and
C. A. Rosen entitled '"'Learning Machines,” appeared in the November issue
of International Science and Technology.

Professors Frank Rosenblatt and David Block, of Cornell University,
visited SRI in October to discuss system design and preprocessors for
automatic feature-extraction. Dr. George Nagy, also of Cornell, worked

at SRI evaluating components appropriate for the pattern recognition

machine under construction at Cornell.
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I INTRODUCTION: SOME MAJOR DECISIONS REGARDING
THE CONSTRUCTION OF MINOS 11

Several major decisions have now been made, affecting the basic com-
ponents and design of the experimental machine to be constructed under
the present contract. The implementation of these decisions in terms

of hardware has already begun,

In line with our fundamental premise that the future practical appli-
cation of learning machines is closely tied to the development of inex-
pensive weights and their use in large quantities, a substantial part of
our effort has been devoted to the search for devices having the desired
characteristics. The behavior of some of the devices investigated is

surveyed in Sec. II,

It should be noted that each of the devices described is potentially
capable of forming the central component of a learning machine system,
and that the spread in the cost per weight is not large--probably less
than 5:1, depending on the ingenuity and development put into the
mechanical and electrical design. For conditions outside the boundaries
set by the present application, other components described in this report
may possess auxiliary properties so desirable as to justify their slightly
higher basic cost. Thus, if time-dependent logic is needed, one of the
delay-line configurations might be compatible with the required sequential
processing. As another example, a circuit using a multiaperture core
for the weight and a small memory core for the increment-decrement logic

would have high resistance to extraneous electrical interference.

However, the circuit having the lowest average cost per weight is
the arrangement described in Sec, III, where a wired-up, completed plane
of several hundred weights is considered. The other devices do not lend
themselves fully to "push-through' wiring, and consequently require the
use of from two to five connecting pins per weight. There is thus a
substantial labor cost for stripping the fine wire and making the

connections.



It now appears possible to fabricate planes for a cost in the neigh-
borhood of $1.50 per weight, including cores but excluding drivers. On
this basis, it has been decided to build the variable-weight part of the
machine at full scale, which means 6600 weights. This number is a natural
result of previous (arbitrary) decisions: initially it was decided to
classify the input patterns into 64 categories, and to preprocess the
raw data to provide a 100-bit code word as input for the variable-~weight
part of the machine. An "everything-to-everything' type of wiring between
the 100 input lines and the association units is highly desirable. The
64 output categories may be created from 63 association units by the
matched-filter technique described in Quarterly Progress Reports 8 and 9,
or by using six one-bit machines in parallel, where each output bit is
derived from the majority vote of eleven association units. The latter
arrangement calls for 6600 weights. Since majority-vote logic is simpler
to implement, and, as shown by the simulations described in Sec. IV, is
competitive in performance, MINOS II will be wired up initially as six
parallel one-bit machines. This arrangement will probably be somewhat

easier than any other to trouble-shoot.

Section V contains a description of the circuitry and design para-
meters associated with the optical preprocessor and the output display
panel., Construction of this part of the hardware for MINOS II is making

good progress.



II A SUMMARY OF OUR EXPERIENCES ON THE PRACTICAL PERFORMANCE
OF VARIOUS TYPES OF MAGNETIC WEIGHT

A, BACKGROUND

This section reviews several of the magnetic weighting schemes
investigated, explains the ''ground rules” of the investigation, and

summarizes the criteria used in the evaluation,

It has been basic to our philosophy that future practical appli-

cations will require machines having very large numbers of weights. We

are dealing with statistical behavior and, in order to achieve tolerable
error rates (say < 1%), it will be necessary to work with systems having

as many as 104 weights, or more. Systems utilizing 106 weights can readily
be envisaged. In order that such machines may be built, our short-term
goal must be to produce a weight and its associated circuitry for about

a dollar; over a long period, this cost might very well have to be re-

duced to 10 cents,.

Neither environmental stability nor high reading speed can be
sacrificed to lower costs. We might forego a certain amount of linearity,
as long as the device does not drift or degrade on read-out and can be
set with reasonable accuracy. What is reasonable? Simulated experiments
can give us a lead: In one of our simulations of majority logic, with
400 patterns in a training sequence and 400 weights per bit of the output
code, convergence was obtained for all four bits of the output code after
29 iterations. The largest positive weight was 53, the largest negative
weight was 39, This simulation may be considered typical of the kind of
numbers likely to arise in practical applications. Thus, a setting accuracy
of 1 part in 100 over the storage range appears to be more than adequate
for a component that is sufficiently stable. In practice, saturation of

a small proportion of the weights is unlikely to be seriously detrimental.

On the basis of these parameters it was early concluded that devices

based on magnetic storage in square-loop materials showed most promise



of providing the desired characteristics, and our efforts have been con-
centrated in this direction. For other boundary conditions, it is
possible that other devices may be competitive, or may even confer highly
desirable benefits. Our purpose here is to reﬁder an account of some of
the potentially usable devices that have been investigated. It is worth
noting that each of the arrangements described is sufficiently practical
to form the basis for a machine, and that factors other than those already
discussed may be important for particular applications; for example, there
might be a need for time-dependent logic. Since our production cost for
these devices lies in a range of only about 5 to 1, a little ingenuity

in fabrication techniques might render any one of them competitive.
B, CIRCUIT BASED ON TWO MULTIAPERTURE CORES

The circuit used for the magnetic weights in MINOS I is shown in
Fig. 1. Although this arrangement is electrically adequate, too much

winding time was required in the production of the complicated gate core.

COUPL.ING LOOP
CURRENT DIRECTION
FOR INCREMENTING
STORE CORE

HOLD (4T)

!
(1007}

VWV TSEE NOTE STORE CORE
ma (see ! INPUT (42T)
oL
(o7)
ExcITE
INPYT CLEAR & SET

DINCREMENT
(4 TURNS EACH APERTURE)

100° PHASE READOUT
(4 TURNS ON MINOR APERTURE )

CARRIER e ‘z | T SANOR APEATURE |
SOURCE ]

1/2T FIGURE 2w en £

o WINDING Y

NOTE: gJ'HEREN; RESISTANCE O POSITIVE -NEGATIVE O 0° PHASE READ-OUT

COI! INPUT READ-OUT (4 TURNS ON MINOR APERTURE)
WINDING (ABOUT 1/20)

GATE CORE AND STORE CORE: AMP INC., TYPE 3988:3-1

FIG. 1 CIRCUIT BASED ON TWO MUL TIAPERTURE CORES
AND USED IN MINOS |




Since the very small minor apertures cannot be wound by machine, there
seemed to be no prospect of cutting the cost to one dollar per weight--
the goal we had set as representing the level at which the construction

of large machines becomes economical. No attempt has been made to develop
this circuit further (see Quarterly Progress Reports 1, 3, and 4 on this
project).

C. ACOUSTICAL WIRE DELAY LINE

This arrangement, shown in Fig. 2, was described in Quarterly Progress
Report 5. It has two disadvantages: (1) the demagnetizing effects are
such that a length~to-diameter ratio of about 200:1 is needed in order
to retain a sufficiently square hysteresis loop; and (2) there appeared

to be no simple scheme for weight changing. However, our later experience

STORAGE
LONGITUDINAL , _ ELEMENT |

COMPRESSION ,./: v ! ACOUSTICAL

| | e ABSORBER

u t “~—

PIEZOELECTRIC MAGNETOSTRICTIVE  9ET  ocaiLy
ORIVER MAGNET IZED
250 kc/sec SQUARE HYSTERESIS LENENT

FIG. 2 ACOUSTICAL WIRE DELAY LINE HAVING MULTIPLE
MAGNETIC WEIGHTS

with the bucket-core logic technique described in Quarterly Progress

Report 9 is probably applicable here. Several variants of the wire
technique were tried, including the use of electroplated thin films of

80-20 Ni-Fe; this gave an appreciable improvement in combating demagnetizing
effects. Even so, more promising results were obtained using memory

cores,
D. MEMORY TOROIDS ON A DELAY LINE

This technique was described at some length in Quarterly Progress
Reports 7 and 9 (see also Figs. 3, 4, and 5). The logic necessary for



PZTA g TOROID LossY
TRANSDUCER .-% TERMINATION

> 280k O

FIG. 3 DELAY LINE HAVING MULTIPLE WEIGHTS IN THE FORM
OF MAGNETOSTRICTIVE FERRITE TOROIDS

weight-changing is obtained compatibly by using an auxiliary array of
memory cores; it is possible for (m + n) drivers to control (m x n)

weights,

Manufacturers were not enthusiastic about undertaking the construction
of delay lines for MINOS II, The use of metered amounts of epoxy cement
is not a standard practice; the "potentiometer' wind of 20 turns of fine
wire in a 50-80 memory core (by hand) is expensive; and a large number
of connections must be made to fine wires. It seemed unlikely that any-
one could make a weight-gate pair, exclusive of drivers, for a manufacturing

cost much below $3.00.

At this stage, it became necessary to reconsider the weights to be
used in MINOS I1. We were reluctant to use fewer than 6600 weights,
since lesser numbers do not permit the same flexibility in machine
organization; at the same time, the possibility of using the time-dependent
logic made available by the nature of the delay-line structure seemed
distant, especially in the light of the contractual requirement to deliver
hardware in six months, Thus, further experimental work was begun, to
see whether some more desirable proposition had been overlooked--in parti-

cular, one that would require less hand labor in manufacture.
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“GATE CORE" 50-80 SIZE
(BUCKET) ( SQUARE -LOOP )

Iy A X-DRIVE LINE

RESISTOR OR
WIRE RESISTANCE ~—o

SONIC LINE
(CROSS SECTION

50-80 SIZE

WEIGHT CORE (S-6 MATERIAL)

(QUASI-ANALOG-STORAGE UNIT)

FIG. 5 FERRITE TOROID (Weight-Gate) PAIR

E. SIMPLIFIED MULTIAPERTURE CORE CIRCUITS

The main defect of the circuit used for MINOS I lay in the compli-
cation of the gate core. A satisfactory increment-decrement scheme based
on single-toroid logic had already been demonstrated for use with
toroids on a delay line; it was determined that this could be applied
directly for changing weights stored in multiaperture cores., The sim-
plified arrangement and a counting curve is shown in Fig. 6. This circuit
deserves consideration for applications where there is possibility of
disturbances from powerful switching transients in adjacent equipment.
The bucket core of S4 material has a very high threshold, a very square
loop, and is driven by single~turn wiring; the coupling loop has minimum
area; thus it is difficult to modify the stored value via the carrier

drive and read-out windings.
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FIG. 6 CIRCUIT USING A MULTIAPERTURE CORE FOR THE WEIGHT AND
A TOROID FOR THE INCREMENT-DECREMENT LOGIC AND ITS
STORAGE CHARACTERISTIC



It is worth hoting that an improved multiaperture core, AMP type,
SCO-001-1, is available in production quantities, and it is shown in
Fig. 6. It has a prescribed read-out aperture, where the total cross
section of the core is a minimum, and consequently gives a low minimum
output when the core is driven into saturation in one direction over the
whole of its cross section., (For MINOS I the read-out apertures were
enlarged with an ultrasonic drill,)

The circuit can be reduced even further by eliminating the bucket
core, and by putting into the store winding a carrier along with a low-
level increment-decrement pulse (see Sec. III); this arrangement (Fig. 7)
was tested with 30 turns on the store winding. It was assumed that
single-turn coincident-current carrier-pulse drive would also be appli-
cable and a similar circuit, based on coincident-current, pulse-only logic,
using single-turn, straight-through windings which was briefly investi-

gated, appeared promising. A possible, single-turn, physical layout
appears in Fig. 8.

CARRIER

©
L

INCREMENT PULSE

FIG. 7 CIRCUIT USING MULTIAPERTURE CORE FOR THE WEIGHT,
AND THE SQUARE-LOOP PROPERTIES OF ITS OWN MAJOR
APERTURE FOR INCREMENT-DECREMENT LOGIC

10




KEY
In* HOLD CURRENT (DC)
In* READ CURRENT {(PULSE)
Iwx®* WRITE CURRENT X (PULSE/CARRIER)
lyy® WRITE CURRENT Y (PULSE)
Va* READ-OUT VOLTAGE

FIG. 8 SINGLE-TURN CIRCUIT USING MULTIAPERTURE CORE FOR THE WEIGHT,
AND THE SQUARE-LOOP PROPERTIES OF ITS OWN MAJOR APERTURE
FOR COINCIDENT-CURRENT ADAPTATION LOGIC

These experimental circuits have not been pursued further, since an
alternative method based on tape-wound cores and second-harmonic read-
out, which was being tested at the same time, gave good enough results
to warrant its use for MINOS II.

F. CIRCUIT BASED ON SECOND-HARMONIC READ-OUT FROM PARTIALLY-SET
TAPE-WOUND CORES

This arrangement (Fig. 9) consists of a pair of tape-wound cores
that are driven from a high-frequency, pure sinusoidal power source.
The windings are so arranged that the fundamental component of the
voltage induced in each core cancels out, leaving a second harmonic
distortion voltage that is proportional to the remanent flux in the
core(s). The configuration of cores and wiring is extremely simple; it
lends itself readily to manufacture, and the electrical performance is
entirely adequate. A detailed account of this arrangement is given in
Sec. III.

11
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FIG. 9 BASIC TAPE-WOUND CORE-PAIR
WEIGHT CIRCUIT

G. CONCLUSIONS

For the present application, the method using second-harmonic read-
out from tape-wound cores is most promising and will be used as the basis
for MINOS 11,
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II1 THE TAPE-WOUND, CORE-PAIR WEIGHT ARRAY FOR MINOS II

A, SUMMARY

A substantial reduction in price in certain tape-wound cores created
renewed interest in a new weight realization. An analog storage unit
was invented under Contract AF 33(616)-7726 at Stanford University by
Harold Crafts (now employed by Stanford Research Institute), which uses
two tape-wound, nickel-iron alloy, square-loop cores (see Fig. 9). The
cores are electrically driven by a high-frequency current in opposite senses.
The outputs of both cores are summed in the same sense, thereby cancelling
the fundamental and leaving mostly even harmonics. The second harmonic
was found to be proportional to the remanent magnetic state of the cores.
The analog value, stored as the net amount of remanent flux, is read out
nondestructively with the application of a sufficiently small, high-
frequency, drive current, The tape-wound core is more linear than the
magnetostrictive ferrite-core realization, exhibits a larger number of
usable levels, and produces more output signal. The rectangular matrix
array concept of organization, invented for the ferrite-core weight
(Quarterly Progress Report 9) was successfully applied to the tape-wound
core weight by making use of the latter's adaptation threshold properties.
The ability to read out nondestructively, or to change the stored value
of any single weight or any concommitant combination of weights in an
(m x n) array using (m + n) coordinate address signals greatly enhances

the economy of system construction and operation,

Quotations on this new matrix-array of tape-wound cores have resulted

in our lowest unit cost to date, around $1.50.
B.  THE TAPE-WOUND, CORE-PAIR WEIGHT

*
It has been found1 that by driving a one-mil, 200-Maxwell, tape-

wound core with a high-frequency current (e.g., 100 kc) whose period is

*
References are listed at the end of the report.

13



shorter than the nominal switching time, the direct-current threshold of
these '"'square-loop' cores may be exceeded by a factor of two to three without
noticeably altering the remanent flux state. It was also found that the
remanent flux state could be changed by the combination of the high-
frequency current and a direct current bias, neither of which could, by
itself, switch any flux permanently. The voltage developed at the winding
terminals when the cores are driven by current sources has considerable
harmonic content. The magnitude of the fundamental frequency component

of this voltage is a relatively insensitive and nonlinear function of the
remanent flux state, but the second harmonic component is a sensitive and
apparently linear function of the remanent state. Thus the state of the
core can be read out nondestructively by measuring the second harmonic
voltage, whose amplitude and phase determine the amount and direction

(respectively) of the net remanent flux in the core.

While a single core can be used as a weight,* considerable filtering
is needed to remove the fundamental from the read-out circuitry and the
second harmonic from the drive circuitry. For a system of the dimensions
planned for MINOS II, it was deemed expedient to use two cores per weight.
The two cores are driven by the high-frequency current in opposing senses,
and the read-out voltage of each is summed in the same sense., This tends
to cancel the fundamental component in the read-out voltage, and also the
second harmonic component in the drive current. The extent of the can-
cellation depends on the manufacturer's quality control. Tests to date
indicate that uniformity is sufficient to require no more than capacitive
tuning of the high-frequency drive circuit and one stage of L-C filtering

on the read-out circuit.
C. POSSIBLE OPERATING RANGES FOR TAPE-WOUND CORE-PAIR WEIGHTS

The maximum high-frequency drive current that can be applied to the

core-pair without disturbing the remanent flux state is on the order of

*Dr. George Nagy of Cornell University worked with our group during the
month of November and developed a one-~core version. This arrangement may
be used in the large adaptive machine (TOBERMOREY) being constructed at
Cornell University under the direction of Frank Rosenblatt.
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2 ampere-turns peak-to-peak; however, it has been found that a more

linear storage characteristic is obtained at lower drive levels--e.g., 1.0
to 1.5 ampere-~turns. Because the ratio of second harmonic to fundamental
component in read-out voltage is roughly proportional to the magnitude of
the high-frequency drive current, less filtering and less amplification is
required in the read-out circuits at the higher drive levels. A value of
1.2 ampere~turns is felt to give a reasonable compromise between linearity
and equipment complexity requirements; at this drive level, 10 millivolts
(peak-to-peak) per turn of second-harmonic output voltage is obtained.

The ratio of second harmonic to fundamental in the output of each core,

at this drive level, is approximately 1:10, and the ratio in the summed
output of the core-pair is approximately 4:1. This cancellation of the
fundamental in the read-out circuit of the core-pair is equivalent to a
26-db rejection filter. The maximum direct-current bias that can be
applied to the core-pair and not disturb the remanent flux state is
approximately 200 milliampere-turns. The smallest usable direct-current
bias (adapt current) is about 100 milliampere-turns. This gives at

least a two~to-one range in permissible adapt current when requiring

a coincidence of high-frequency drive current and adapt current to change

the remanent flux state.

Adaptive networks of the type for which this weight is intended
often change stored values by fixed amounts which are (usually small)
fractions of the total range between positive and negative saturation
values. Figure 10 shows the storage characteristic of a tape-wound core-
pair weight selected at random from an experimental array, operated under
normal conditions. Considerable controlled variation in this characteristic
may be achieved by changing the amplitude of the high-frequency drive
current; changing the amplitude or the duration of the adapt current (or
both) provides an especially good method of controlling the change. It
is easiest to control the amount of change of stored value per application

of adapt current, by changing the adapt-current duration.

At given high-frequency drive-current and adapt-current levels, the

rate of change of stored value is almost insensitive to the state of the
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core and the past history of adaptation. There are two exceptions to
this insensitivity which are considered minor for the present application:
The rate of change is initially larger upon a reversal in sign of the
adapt current, and is progressively smaller in magnitude when nearing
either saturation value. (This is typical of magnetic analog-storage
devices.) These exceptions may possibly assist adaptive system per-
formance. Variable adapt-current duration (i.e., variable pulse duration)
which will allow automatic regulation of the magnitudes of the increment

pulses may be incorporated in MINOS II.

The number of increments in the total range may be varied from one to
over one thousand merely by altering the adapt-pulse duration. However,
in order to obtain one thousand increments, the adapt-pulse duration
approaches a minimum value necessary for permanent switching (approxi-
mately 5§ microseconds at an adapt-pulse current level of 200 milliampere-
turns). More steps could be obtained by lowering the magnitude of the
adapt-pulse current, but this would accentuate the existing nonlinearities

in the storage characteristic.
D. THE CORE ARRAY SCHEME

The adaptation threshold properties of the Crafts weight make it
possible to use a coordinate address scheme similar to that previously
developed for the magnetostrictive-ferrite-toroid weight. As described
above, the combination of the high-frequency drive-current and an adapt-
current pulse will change the remanent flux state, while either alone
will not. Thus it is possible to arrange each core-pair in a rectangular
array with integer-valued Cartesian coordinates. Each core-pair (i.e.,
each weight) is assigned an X-coordinate and a Y-coordinate. Each of the
m inputs to the array is given an X-coordinate and each of the n outputs
is given a Y-coordinate. Each input circuit links, in series, n weights,
and each output circuit links, in series, m weights. Thus, each output
is connected via a weight to each input, and vice versa. See Fig. 11

for the corresponding physical arrangement.

Each input circuit--i.e., each X-line in the tape-wound, core-pair

array--is a high-frequency drive line. It drives all n weights
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associated with that particular input. This line passes through one core
of the core~pair and back through the other, thus achieving the opposite-
sense drive described in Sec, III-B, Each output circuit (i.e., each
Y-line) is a read-out and adapt line for all m weights associated with
that particular output. This line passes through both cores of the core-
pair in the same sense. It sums the read-out voltages, and provides a

circuit for the adapt-current pulse, for all m weights on that line.

™ RreaoouT -
-@ CARRIER ADAPT LINE
xl ,
le n L .:)
"

D,

1
% 5
—H
. ”—“—%—iﬁ— j$¥—ii O’Mgg
T
|,
%

L
n

NEGATIVE ADAPT i
H"—-L (11 ] 1 [ ”

i
- [
POSITIVE ADAPT ¢, Yy e Y, y

FIG. 11 MATRIX ARRAY FOR COORDINATE ADDRESS SCHEME
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On any Y-line, only those stored valges are read-out whose X-lines
are being driven. Thus, the sum yy = 151 xiwij (x1 =0 or1l, and
wiJ is the stored value of the i-jth weight), is formed by measuring
the output, yJ, on the jth Y-line, with those X-lines excited which
correspond to xi = 1 and those X-lines not excited which correspond to
x, = 0. In a random-access, analog-storage memory, the stored value
(wij) of the 1i-jth weight would be read-out by exciting the ith
X-line with high-frequency drive current and reading the second harmonic

output voltage across the terminals of the jth Y-line.

The adaptation rule for xi =0or1l, is Awij = 5x1 sgn ij, where

dy, = the desired change in the value of y
J J

The A’ij are the corresponding changes in the weights w
that are on the jth Y-line, which produce AwJ

1)

5 1s the size of the change and equals the magnitude of ij
divided by the total number of X5 i=1,2, ..., m which
equal 1

sgn ij = * 1 when ij

or zero when ij is zero.

is positive or negative, respectively,

This rule is often applied to adaptive networks and can be implemented in
the following way: Excite only those X-lines for which x1 =1 and
excite the jth Y-line with the polarity of adapt pulse which corres-

ponds to sgn ij. The length of the adapt pulse determines &,

The coincidence of the high-frequency drive current and the adapt
pulse will adapt only those weights in which a change is desired. This
allows all weights to be adapted simultaneously according to the above

rule. It takes only the duration of the adapt pulse to change all

mx n weights,

A prototype array of such weights is now under construction where
m=17 and n = 33. Twelve such arrays will constitute the adaptive

network of weights in MINOS II, for a total of 6732 weights.
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IV LEARNING MACHINE SIMULATION EXPERIMENTS

A, BACKGROUND

The simulation experiments that were described in Quarterly Progress
Report 9 are intended to evaluate the performance of differeat learning
machine structures; these experiments have been continued using up to
600 patterns in the training sequence. Certain modifications were intro-
duced in the computer programs to obtain a better comparison between the
performance of the integrated and parallel system designs. Preliminary
results indicated little difference in the performance of the integrated
and parallel structures. Also, there was little difference in the per-
formance of the two parallel systems being evaluated--the majority-logic
and the parity systems discussed in Quarterly Progress Report 8. It
therefore seemed desirable to concentrate the available resources for
simulation on testing the majority-logic system, because if the results
indicated the desirability of building the parallel structure, this

would be the easier of the two parallel arrangements to implement.

Originally, it was thought that the number of training iterations
required on a random pattern set to reduce the number of incorrect
responses to zero would provide an adequate criterion for the comparison
of system performance. However, since long tails appeared on the
learning curves, so that a small number of errors persisted for many
iterations before final convergence was achieved, it was considered de-
sirable to compare the whole history of training and learning for the two

candidate systems.
B. MODIFICATIONS TO THE SIMULATED INTEGRATED SYSTEM

A typical set of learning curves for the integrated system was pre-
sented in Quarterly Progress Report 9; the curves showed the number of
correctly identified patterns, uncertain responses, and incorrectly identi-
fied patterns, as a function of the number of training iterations per-

formed on a set of 200 random patterns. The response to a pattern was
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considered as uncertain when the resulting A-unit vector was equidistant
from the desired prototype filter and one or more of the other filters.
The relatively large number of uncertainties present was at least partly
attributable to the small Hamming distance between the prototype filters
in the reduced-scale system studied. It is probable that the reduction

in scale tended to bias the results against the integrated system design.

One possibility that was explored as a means of resolving the
ambiguous responses was the development, for the prototype filters, of a
set of codes which would exhibit the property of having an odd Hamming
distance between equidistant code words. Unfortunately, it was shown
to be theoretically impossible for such a code structure to exist., As
an alternative, the following tie-~breaking rule was implemented to

resolve the ambiguities:

Resolve a tie between two or more categories in the association-
unit space in favor of the category having the lowest assigned

number,

This rule served not only to eliminate the uncertain responses but
also to change the learning curve somewhat by correcting fewer patterns
(previously the weights had been adapted when an uncertain response
occurred). The over-all training time improved slightly and, in the
case of 200 random patterns, was reduced from 15 to 14 training iterations
of the pattern set. The residual errors--that is, the errors occurring
on a test-only phase after each training iteration--are shown in Fig. 12
for random pattern sets of 200, 400, and 600 one-hundred-bit pattern

vectors.
C. SIMULATION OF THE PARALLEL MAJORITY-LOGIC SYSTEM

The scaled-down majority-logic system compared 100 input points
connected through adjustable weights to sixteen threshold logic units
arranged in four groups of four units each, as shown in Fig. 13. The
total number of threshold-logic units was chosen to be as close as
possible to the number used in the integrated system, although the even

number of association units in each set precluded obtaining a true
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FIG. 12 LEARNING CURVES FOR INTEGRATED AND PARALLEL LEARNING MACHINE
STRUCTURES SHOWING RESIDUAL ERRORS AFTER EACH TRAINING
ITERATION ON RANDOM PATTERN SETS

majority vote and necessitated the use of the following arbitrary tie-
breaking rule:

Majority vote = 0, when zero, one, or two A units are turned on.

Majority vote = 1, when three or four A units are turned on.

The category of a random pattern presented at the inputs of the system
was started as a four-bit binary number. Each bit in the parallel out-
put code was trained to respond correctly to an entry in a truth table
corresponding to that bit position in the binary number. The simulation
experiments showed that a considerable variation occurred in the number

of training iterations required for each of the parallel outputs, before
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these converged on the values required for their respective truth tables.
For example, in training on the set of 600 patterns, the number of
iterations required for convergence of the four respective output units
was 35, 44, 33, and 38. In the parallel system a pattern could only be
judged to have responded correctly if all four output bits simultaneously
gave the desired response for the category of the pattern. If one or
more of the output bits was in error for a particular pattern, then the

pattern response was judged incorrect.

The curves of the residual errors versus the number of training
iterations are shown for comparison on the same graph as the learning

curves for the integrated systen.
D. COMPARISON OF RESULTS

In all cases the learning curves for the parallel system started off
with more residual errors than the integrated system. This might be
explained by the fact that fewer incorrect association-unit responses

could cause more patterns to be judged in error in the partially trained
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parallel system than in the integrated system, An error could have come
about if any two out of the four threshold logic units in one output
group failed to come on, causing the majority unit to give an output of
zero instead of one. On the other hand, four or more of the threshold
logic units would have had to be in error to cause an incorrect pattern

response in the integrated system.

The residual error curves for the parallel system fell more steeply
than the corresponding curves for the integrated system, and showed more
of a tendency to converge on a large set of random patterns. A plausible
theory put forward to explain this behavior is that once a group of
threshold logic units was trained to convergence or near-convergence in
the parallel system, those threshold logic units were disturbed less by
subsequent training on the few remaining patterns which evoked an
incorrect response. In the integrated system, however, it was possible
for any of the fifteen threshold logic units to be adapted even in the
later stages of the training, thereby changing system behavior to a

greater extent on previously learned patterns.

For the foregoing reasons, the parallel structure appears somewhat
better suited to the problem of learning a large set of dissimilar patterns
such as the ones used in the simulation experiments. Tests were also
performed to evaluate the generalization abilities of the two types of
system on a small set of equidistant patterns that had noise introduced
into the ideal pattern vectors. In this case the integrated system per-
formed slightly better than the parallel system, but the results of these
experiments were not sufficiently conclusive to indicate a clear preference
for the integrated structure. The generalization properties of the two
structures will be re-evaluated when a pattern set becomes available that
is more representative of the patterns to be provided by the preprocessor

masks.

Additional information and insights were obtained from the simulation
experiments pertaining to such factors as the efficiency of various
training schemes, the dynamics of weight change and the range of weight

values (see, for example, the comments on dynamic range in Sec. II-A).
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E., CONCLUSIONS

Of the several forms of learning machine structure that have been
simulated, no one system appears to have an appreciable advantage over
the others when dealing with random patterns. When the patterns are
organized in a manner that is compatible with some particular machine
structure, it is assumed that differences will appear. Thus, in deciding
which method to use for a practical machine, the absence of other
information justifies giving considerable weight to the circuit design
problems for each method of hardware implementation. From this point
of view, majority logic seems to be easier to implement and easier to

trouble-shoot.
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V THE ELECTRICAL AND MECHANICAL DESIGN OF THE PREPROCESSOR FOR MINOS II

A, SYSTEM DESIGN REQUIREMENTS

Since the preprocessor is an integral part of the complete machine,

its design must be considered together with the over-all functional re-

quirements of MINOS II. The following were the main design criteria:

(1)

(2)

The machine controls should be arranged to allow the
operator to feed in 100-bit patterns manually, and to
carry out conveniently other experimental procedures
that will sometimes be tedious and repetitive. The
machine internal logic should be arranged for self-
training--only the patterns (100-bit and graphical)
and their required classification will be given by
the operator. The input pattern rate should be
compatible with standard 16~-mm movie film speed

(24 different patterns per second).

The automatic training facility requires that a method
be available for sequential presentation of patterns--
both 100-bit code words and graphical data, along with
their classification. Careful consideration was given
to the possible use of punched card or punched paper
tape systems for the 100-bit patterns, but consul-
tations with suppliers of this type of equipment led
to the conclusion that any of these systems would be
costly, even on a rental basis, and in any event,
existing digital computer equipments would need con-
siderable modification to make use of the ability of
our system to operate in parallel. It appears that no
suitable, standard, multichannel (approximately 100
channels), parallel, pattern-storage system is
available. This difficulty led to the method adopted,

in which a permanent record of the patterns can be
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stored on standard 16-mm movie film; the same method
may be used for presentation of full 104-element fine-

resolution pictures.

(3) An output display was required from the preprocessor
that would permit making comparisons of the code words
obtained from various fine-resolution patterns and mask
sets. In addition, one eventual goal is to feed a digi-
tal computer in real . time (with the cooperation of a
special parallel-to-sequential coding arrangement being
made in an adjacent laboratory by Dr. J. Blissz for a
related project) or else to feed a punched-card printer,
giving off-line computer input facilities. Care is
being taken to keep the two systems as compatible as
possible, since this appears to be a way for us and
for Dr. Bliss's group to carry out new and useful experi-
ments that could not otherwise be performed. The output
display from the preprocessor must also act as an input
display for the learning machine when patterns are fed
into the learning machine manually. Thus, 110 touch-
operated inputs have been provided, each with a corresponding

lighted display and pushbutton.

(4) Since the adaptive weight element had not been finally
determined, it was decided not to regard this as a
design restriction, but to provide as much output
powver as was reasonably possible, and voltage levels

commonly used for transistor-switching circuit inputs.

(5) Cost governed the choice of components except where
less expensive components would have degraded the per-

formance significantly.
B. IMPLEMENTATION OF REQUIREMENTS

A pattern can be entered into the preprocessor in one of two ways,

First, for manual operation, an electric pencil is stroked over the
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"operator's retina," and every square touched by the electric pencil
lights up. The squares remain lit until the complete retina is "erased”
by means of a single pushbutton. When performing coding-type experiments,
the operator must pick out about 55 out of 110 elements, and must be able
to correct single errors without having to start writing the pattern

over from the beginning. Thus, pushing any lighted square causes it to

be extinguished; the element itself is an illuminated pushbutton. Once

a pattern has been set up, a permanent record can be made by photographing
the separate "bright retina" provided for that purpose. It is not
necessary to make the record; the operator can feed in the pattern by
operating the "initiate" pushbutton provided on his panel. The "operator's
retina” could not be used for the training film, since the low level of
illumination makes ambient light relatively disturbing. Also, the
illumination intensity is uneven, and the touch-sensitive facility

requires a metal ring to be let into the center of each element,

Second, for automatic operation, inputs can be made via 35-mm slide,
or 16-mm movie film., The patterns can be graphical data, such as fine-
resolution map symbols, or training or test film made from photographing
the bright retina. When performing experiments using the 100-bit input
code, and feeding these in via a movie film (or 35-mm slide), it is
necessary to prevent ail but the light from the corresponding l-percent
area of the pattern from affecting the photoconductor. This imposes a

fairly severe requirement on the sensitivity of the amplifying devices.

The block diagram of the preprocessor system is shown in Fig. 14,
Only one emitter circuit is shown. One of these is behind each photo-
cell. A more detailed discussion of the input structure was given in

Quarterly Progress Report 7.

Each photoresistor is illuminated according to the pattern-mask
combination, and the resistance of the photo-device changes according to
the total integrated incident light. A 1000-cps signal is applied to
the photoresistor, which is in turn connected to the input of an emitter-
follower, impedance-changing, amplifier stage. This stage is placed just
behind its associated photocell to minimize stray pickup effects. The
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output of this circuit is connected to a screened cable about 6 feet
long, which connects, by means of a plug and socket, into the equipment
rack, and into the input of the transistor-and-silicon-controlled-rectifier
(SCR) combination. The purpose is to raise the signal level and switch
the SCR, to provide the required lamp display and the voltage change at
the output terminal. The total retina current will be a measure of the
activity of the pattern-mask combination, and it is desirable to main-
tain approximately half the elements on for every picture. Thus, the
retina current will be monitored and used to control the magnitude of the
1000-cps signal to give approximately 50 percent activity, which means
constant retina current. The manual gain control shown on the block
representing the AGC circuit permits us to have, say, 40 percent or 60
percent activity instead of 50 percent. Once an SCR has been fired, it
remains conductive until the load current has been reduced below a cer-
tain critical value. This feature provides the "self-locking' property.
In order to erase the retina, the interrupter must effectively become an

open circuit to reduce the retina current below the striking value.

The only photoresistor that came within the sensitivity, cost, and
response-time requirements was a cadmium selenide photoresistor (p. 17 of
Quarterly Progress Report 8). Preliminary tests on a standard production
type OE3L5 showed promise, and a suitable quantity of 5 x 2 cell arrays,
each cell having an active area approximately 1/2 inch square, was
ordered. The layout of one of these arrays is shown in Fig, 15, together
with its associated amplifier circuit. The photo device has a high re-
sistance (greater than 100 megohms at 55°C) when dark, and when illuminated
its resistance falls typically to apptoximately 10 kilohms at an illumi-
nation of 10 foot candles from a tungsten lamp. Since the illumination
level we anticipate being able to produce is much less than this, we
must regard the device as operating in the high-impedance region, as
far as transistor circuitry is considered. In view of the sensitivity
requirements and limited light intensity, it is desirable to use the
device to its 1limit, The limiting factor is the 150-volt rating of the

cells.
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FIG. 15 PREPROCESSOR FRONT-END CIRCUITRY

The transistors for the emitter follower were chosen on the basis
of cost (approximately $0.40 each), although the performance characteristics
of the mass-produced 2N1305 are adequate., The emitter-follower con-
figuration was chosen since this provides the required high input im~
pedance and low output impedance. The switching characteristics of the
circuit should be such that an illuminated cell with the highest value
of audio voltage applied should give less than l-percent output required
to fire an SCR, while a fully illuminated cell should give a saturated
output, 24 volts peak-to-peak, under the same conditions. This require-
ment places a restriction upon the operating frequency, since the cell
is not purely resistive and has an appreciable parallel capacitive com-
ponent. In order to fulfill these requirements, a frequency of 1000 cps
was chosen. Alternating-current coupling was chosen for reasons of tem-

perature stability, and a certain amount of 60-cps rejection capability.
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C. TEST RESULTS

Parts of the system shown on the block diagram (Fig. 14) have been
constructed and tested. Since the equipment is mainly a repetition of
110 similar circuits, the variations among circuits are one of the chief
properties of interest. The photocells themselves show a variation in
illuminated resistance from 1 megohm to 30 kilohms. These measurements
were taken with the cells mounted in the preprocessor, using no masks,
and some of the observed variation is undoubtedly due to differences in
the preprocessor optical system, Large differences will have to be
corrected in the electronic system if all elements in the code word are to
be equally biased. The mean of the photocells resistance is 224 kilohms
taken for 16 arrays--i.e., 160 cells. It is possible to select the best
10 arrays for use in the equipment, but since 10 cells are physically
mounted together, the arrays chosen must contain 10 uniformly good cells.
A set of measurements was taken of the audio frequency voltages required
to fire the SCRs, using the same photocell and emitter follower, with a
l-percent transmission mask. The minimum voltage to fire was 6.5 volts
rms, and the maximum was 50 volts. The mean for this parameter is 28.6
volts. The variation of triggering currents for SCRs was measured by
connecting a variable dc power supply in series with 1000 ohms, and
measuring the voltage across this resistor. The range of currents was

from 1.2 milliamperes to 17 milliamperes, with a mean of 8.58 milliamperes.

The equipment has also been set up by adjusting the sensitivity
potentiometer connected in the base circuits of the 2N1305 amplifier
stages (see Fig. 16) so that all cells in the 110-element array come on
between 1.7 and 3.4 volts, rms, of audio frequency signal, with no masks
in the system. Further narrowing of this spread will require selective
techniques and rewiring of insensitive parts of the circuit to other
sensitive parts, to even out the over-all variations. Fortunately, this
type of variation, as long as it remains constant with time and normal
environmental conditions, should not disturb effective working of the
machine, requiring merely a slightly different set. of weights from that

set which would be required if all circuits were identical.
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FIG. 16 PREPROCESSOR SIGNAL AMPLIFIER AND POWER SWITCH

The parts of the preprocessor to be constructed next are the power
supply suitable for operating all the lamps in the bright retina, the
pattern-counting and control circuits, and the automatic threshold

control.
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VI CONCLUSIONS

The design of MINOS II was determined by system simulation, laboratory
experimentation, and construction time and cost estimates resulting there-

from.

It was decided to use 100 replications, each with a 10,000-bit
resolution of the optically projected pattern, Each replication would
be sampled by its associated mask (one section of a single photographic
transparency) and thresholded to provide 100 binary outputs. These out~-
puts would be made available to the adaptive section of MINOS II or other
computing equipment. The construction and testing of the preprocessing

unit is nearing completion.

The adaptive section of MINOS II will use tape-wound, core-pair
weights. There will be 6732 (66 x 102) weights from 100 binary input
channels (plus one for the variable threshold and one spare) arranged
in six groups of eleven output Threshold Logic Units. Each input is
connected to each TLU by one weight., Initially, each group of eleven
TLU outputs will be processed according to a majority rule scheme to
produce a single binary decision, totalling six such binary outputs for
the machine. The machine will be constructed so as to allow the later

addition of more complicated variations,
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PROGRAM FOR THE INTERVAL 1 DECEMBER 1962 TO 28 FEBRUARY 1963

Twelve arrays of 561 (33 x 17) tape-wound, core-pair weights are to
be constructed, tested individually, and assembled in the majority-rule,
output-logic system. Transistor-magnetic circuitry will be used to
implement the output and increment-decrement circuitry. Vacuum-tube cir-
cuitry for providing high-frequency power to the weights was determined

mainly by cost considerations.

A set of masks for the preprocessor is being generated and will be
tested.



Dr. Alfred E,

IDENTIFICATION OF KEY TECHNICAL PERSONNEL
(For the Period 1 October to 29 December 1962)

Hours charged
to the Project

Brain

Research Physicist, Applied Physics Laboratory

(Project Leader) 355
Mr. Harold S§. Crafts

Research Engineer, Applied Physics Laboratory 47
Mr. George E. Forsen

Research Engineer, Applied Physics Laboratory 369
Mr, David J. Hall

Research Engineer, Applied Physics Laboratory 375
Miss Marian F., Hirsch

Research Chemist, Applied Physics Laboratory 38
Mr, Jack W. Machanik

Research Engineer, Systems Engineering Department 8
Dr. Charles A, Rosen

Manager, Applied Physics Laboratory 29
Shop and Technicians ' 1,270
Clerical/Secretarial 41
Editorial 3

36



ACKNOWLEDGMENT

The simulation experiments discussed in Sec. IV and Quarterly Progress
Report 9 have been assisted by sponsorship from the Office of Naval
Research, Contract Nonr 3438(00). We wish to record our indebtedness to
Dr. W, A, Mersman of AMES Research Center, Moffett Field, California
for his cooperation in making an IBM 7090 available for this work,

37



REFERENCES

H. 8. Crafts, "A Magnetic, Variable Gain Component for Adaptive
Networks," Technical Report TR-1851-2, Stanford Electronics
Laboratory, Stanford, California (December 1962).

J. C. Bliss and K. Kotovsley, "Tactual Perception of Visual Infor-

mation,” Interim Report 1, Project 4123, Contract AF 33(657)-8824,
Stanford Research Institute, Menlo Park, California (September 1962).

38



DISTRIBUTION LIST

Organization

No. of
Copies

OASD (RLE)

Room 3El065

The Pentagon
Washington 25, D.C.

Attn: Technical Library

Chief of Research and Development
OCS, Department of the Army
Washington 25, D.C,

Commanding General
U.S. Army Materiel Command
Washington 25, D.C.

Attn: R&D Directorate

Commanding General
U.S. Army Electronics Command
Fort Monmouth, New Jersey

Attn: AMSEL-AD

Director
U.S. Naval Research Laboratory
Washington 25, D.C.

Attn: Code 2027

Commanding Officer
Corps of Engineers
U.S. Army Map Service
Washington 25, D.C.

Attn: Library Control No, 62L~-525

Commanding Officer and Director
U.S. Navy Electronics Laboratory
San Diego 52, California

Commander

Wright Air Development Center

Attn: WCOSI-3

Wright-Patterson Air Force Base, Ohio

Commander

Aeronautical Systems Division

Attn: ASAPRL

Wright-Patterson Air Force Base, Ohio



Ozganization

No. ot
Copies

Commander

Air Force Cambridge Research Laboratories
Laurence G. Hanscom Field

Bedford, Massachusetts

Attn: CRXL-R

AFSC Scientific/Technical Liaison Office
U.S. Naval Air Development Center
Johnsville, Pennsylvania

Aeronutronics
Ford Road
Newport Beach, California

Attn: Mr. J. K. Hawkins

Chief

U.S. Army Security Agency
Arlington Hall Station
Arlington 12, Virginia

Deputy President

U.S. Army Security Agency Board
Arlington Hall Station
Arlington 12, Virginia

Stanford Electronics Laboratories
Stanford University
Stanford, California

Attn: Mr. N. Abramson

Electronics Systems Laboratory
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

Attn: Lawrence Stark, MD, Head, Neurology Section

Director
National Security Agency
Fort George G. Meade, Maryland

Attn: CREF-141

Aeronutronics
Ford Road
Newport Beach, California

Attn: Mr. F. M. Black, Acquisitions Librarian

Headquarters, Electronic Systems Division
Laurence G. Hanscom Field
Bedford, Massachusetts

Attn: ESAT



No. of
Organization Copies

Chrysler Corporation
Advanced Projects Organization
P.O, Box 1827

Detroit 31, Michigan

Attn: Mr, D. N, Buell 1

Commander

Air Force Command and Control Development Division
Laurence G. Hanscom Field

Bedford, Massachusetts

Attn: CRZC, Dr, M. R. Nagel 1

Commander

Air Force Command and Control Development Division
Laurence G. Hanscom Field

Bedford, Massachusetts

Attn: CCRR 1l

Commander

Air Force Command and Control Development Division
Laurence G. Hanscom Field

Bedford, Massachusetts

Attn: CCSD 1

Commander

Rome Air Development Center

Air Research and Development Command
Griffiss Air Force Base, New York

Attn: RCSSLD 1l
Commander

Rome Air Development Center
Griffiss Air Force Base, New York

Attn: RAALD 1

Commanding General
U.S. Army Electronics Research and Development Activity
Fort Huachuca, Arizona

Attn: Technical Library 1
Commander
Armed Services Technical Information Agency

Arlington Hall Station
Arlington 12, Virginia

Attn: TISIA 10



Qgganization

No. of
Copies

Secretariat for ETE/JCCE

New York University

College of Engineering

Research Division Building No. 2
401 West 205th Street

New York 34, New York

Commanding General

U.S. Army Materiel Command
Building T-17

Gravelly Point, Virginia

Attn: AMCRD-RS-PE, Mr. A, Makin

General Electrical Company
Computer Laboratory

2349 Charleston Road
Mountain View, California

Attn: Mr., G, M. Miller
IBM Research Center

P.0. Box 218, Lamb Estate
Yorktown Heights, New York

Attn: Mr. A. G. Konhein

Minneapolis-Honeywell Regulator Company

Ordnance Division
1724 South Mountain Avenue
Duarte, California

Attn: Mrs. Marjorie M. Ford, Technical Library

Headquarters

Air Force Ballistic Missile Division
Air Research and Development Command

U.S. Air Force
Air Force Unit Post Office
Los Angeles 45, California

Attn: TDC-61-55-8/Mrs. Flory/2364

Commanding Officer

U.8. Army Electronics Research and Development Laboratory

Fort Monmouth, New Jersey
Attn: Dr. H. Bennett, SELRA/N-5



No. of
Organization Coplies

Corps of Engineers Liaison Office
U.S. Army Electronics Research and Development Laboratory
Fort Monmouth, New Jersey 1

U.S. Navy Electronics Liaison Office
U.S.Army Electronics Research and Development Laboratory
Fort Monmouth, New Jersey 1

Marine Corps Liaison Office
U.S. Army Electronics Research and Development Laboratory
Fort Monmouth, New Jersey 1

Commanding Officer
U.8. Army Electronics Research and Development Laboratory
Fort Monmouth, New Jersey

Attn: Logistics Division 3

Commanding Officer
U.S. Army Electronics Research and Development Laboratory
Fort Monmouth, New Jersey

Attn: Director of Research 1l

Commanding Officer
U.S. Army Electronics Research and Development Laboratory
Fort Monmouth, New Jersey

Attn: Technical Documents Center 1

Commanding Officer
U.S. Army Electronics Research and Development Laboratory
Fort Monmouth, New Jersey

Attn: Technical Information Division 3
Commanding Officer

U.S. Army Electronics Research and Development Laboratory
Fort Monmouth, New Jersey

Attn: SELRA/NPT 3
Commanding Officer

U.S. Ammy Electronics Materiel Support Agency
Fort Monmouth, New Jersey

Attn: SELMS/ADJ 1l
National Bureau of Standards

Washington, D.C.

Attn: Dr. 8. N, Alexander 1l



Organization

No. of
Copies

University of Illinois
Urbana, Illinois

Attn: Dr. Heinz von Foerster

Drexel Institute of Technology
Philadelphia, Pennsylvania

Attn: Dr. R. T. Zern

Stanford Electronics Laboratories
Stanford University
Stanford, California

Attn: Professor B. Widrow

Philco Corporation
Research Division
Blue Bell, Pennsylvania

Attn: Mr. S. W. Moulton
Associate Director of Research

Cognitive Systems Research Program
Cornell University

Hollister Hall

Ithaca, New York

Attn: Dr. F. Rosenblatt

Department of Philosophy
University of Michigan
2216 Angell Hall

Ann Arbor, Michigan

Attn: Dr. A. W, Burks
Texas Instruments Incorporated
Corporate Research and Engineering

P.O. Box 5474
Dallas 22, Texas

Attn: Technical Reports Service

International Business Machines Corporation

General Production Division
3605 Highway 52 North
Rochester, Minnesotd

Attn: Olive Smith



No. of
Organization Copies

System Development Corporation
2500 Colorado Avenue
Santa Monica, California

Attn: Christopher J. Shaw 1

Commanding General
U.S. Army Combat Developments Command
Fort Belvoir, Virginia

Attn: CDCMR-E 1

Commanding Officer
U.S. Army Communications-Electronics Combat Developments Agency
Fort Huachuca, Arizona 1

Director

Fort Monmouth Office

U.8. Army Communications-Electronics CD Agency

Fort Monmouth, New Jersey 1

This contract is supervised by Mr. William A, Huber, Data Transducer
Branch, Data Processing Facilities Division, Communications Department,
U.S. Army Electronics Research and Development Laboratory, Fort Monmouth,
New Jersey, Telephone Area Code 201-535-1243.



wotyef1380au] [wIuem

- .-ﬂh&uﬂ
.—oucooﬂnc nlhﬂ"um

9014 w3nq [eorydean

11
10} SINOWeIT

s3yitea

€9€8L 06

Sutssesozd

A131m2210 puwe me3sig
Surpod arma-LA3taofey °

Tﬁ..._.. ‘oar u -
soutgouy Surwavey
wotytudoses wrelaegd

6£0-95 vg 39833w0) °

wing (eorydesy °

olqraedmod 83w [y °‘peqliossp sie pue pedojea

-9p ®me0q eany FIswodmoo JO s[erierem 0139
le."w Jo .ouuuu&eu.— o>moom.-ooear¢l 10 sr39ufem
-0119078 8Y3 W0 juspuedep S83TASp [BIGasg “SYEEY
w0131880003-u19330d (82 O] sewlyowm Suruive]
39 Aatyeorionad sy simsue 03 FJWSTITIIRE sOI3
-tauemb ut oo JTey) MOTIe [[YA siyStea satydepe
isa1susdxeut jo juewdojeasp #y3 39y ST ssywead
[eawswspun; oYL ‘PeIORIIE00 8 03 o1 'IT GONIN
‘sutgosE wor3TESO2eI-uislnd [ejwsmiiedxe wy

*3a0dex (WIJISSYIONN “Z0-100-2Z-66VE 32eload w3
‘(0059)16-16-09-Nd-T000% “ON *T%] ‘(9561
Jequoao) B L909- IOS °‘€YE8L°D6 6£0-9¢ W] I98I3u0)
*s8tg 1€
‘esled 1t ‘ZogT 2 ON 0f 03 IoqEe) 1

‘01 33odey @ 3d Araeazend) ‘01 "oN 14
. . njuenowy ‘A °f
Ps JLISH [ °q ‘wewiof -3 o ‘e3je) 0§ H
wivag °3 ‘y Aq NOLLVDLISRANI TVINININGIX3
OGNV MINLS IDEVEST ONISSO0Md VIVD "VOIRIND

ekl 3 bt
4% oTwN ‘AUNLLISNI HONVE QROMWVLE

wot3ef1Issau] [vjusw
-1asdxg pws Lpaag
Yoavesey Suisse
~%01d wieg [eorydes

11
30] sjusmeiinbes

tea

£veeL 08

Swvissssoad

A331M2112 puw weysdg
Sutpod sraa-L3t3ofey

3
ﬁo:unqvc .opm-uoﬂ!.u .
seutyoey Sutwase]

vorytufodses uzelaed °
6£0-9¢ Vg 3dei3w0y -

wieg [eorydeay -

o1qrIvdwod sav [y ‘PeqlidEsp s3v pus pedojea
-0p ueeq sasy s3Wewoduod 30 SIBLINIE DT
uowm0d jo wet3iasdesd sarydiiisojesiiem o dTreufem
-023201% oY3 WO Juopuadep SedTASp [Vavasg ‘“FYEW)
woritulieses-uieled (93 103 ssuiyoem Suturve]
J6 A3rreoracesd sqy samswe 03 JWSIIIFIuS seI)
-13wenb ¥t osm JToqy Ao[[® [[1a s3gftea Satidepe
isateweduour Jo rmewdoleasp o431 1943 o1 estmead
[vIvemmpuR} Sy "PEIIMIITWDD o3 st 'IT SONIN
‘outyoen wITEBode-urerred [eIventiedys wy

*330des QILIISSVIND °20-100-3Z-66VE 9foid va
(0059)16-16-09-Rd-1000% “ON T¥d ‘(861
asquesoN 8T) L60¥-T6 ‘SYEBL-06 6E0-9E VO 3o3380)

Rod? 13
‘velud ¢ ‘ZosT & ...So.....iiumﬂ
‘ot uue.-‘ 30? [z033end) ‘07 °"op &

. . AUeR ‘A T

P® ‘11 °[ ma el 3 9 "$3yex) ‘§ °H
‘steag 3 ‘v Aq NOLLVOLISEANI TVINSRDGDG
OGNV ANIS EOMVES ONISSO0Nd VIVO TVOIRD

e 1 )
"¥a%d oreen “ZLNLLIS IMVISAl GIMBNLE

soryeftiseau] [vivem

“vaodsg pue. Lpmag
qoavesey) Suisse
-201d waeg [woigdean

I1

10] sIUeWRIY

348T

£9€8L 08

Suissedoad

@ELJISSVN)

AzyTdzro puw megsdg
Sutpod syma-Lytxoley

satydepe ‘oats L)

ssuroey Sutuavey -
worjtudodres uidljegd

6€0-9¢ Vq 9833w

®3eq [eotqdesy -

o[qTIvdmod 8% [y °‘Peqliasep siv pue pedojea
-op weeq savy S3W0wodwod JO STEIINIGE D13
wowmod jo seijzedod sa1301230030ufvs 10 J1y0ulvm
-03106T¢ oy wo Juepwedep FeOTASp [ViSasg ‘SRIWY
20T31u80201-030330d (982 0] seuiyoem Juiuive]
30 Aatyeorionad eqa samswe 03 JWSTITIIRE S13
-13uenb ut osn atey) MO[[® [[1a saydtea satadepe
isayswedxeut jo juewdojsasp sy3 2843 ST esTwead
[vausmmpunj oy PeIMNIISWOD o1 st ‘11 SONIN
‘sutyose woI3TENoIei-uieyyed [vIuswtiedxs wy

*3z0dex (GLIISSVIONN _“Z0-100-3Z-66VE 32efoad wu
(00$9)16-16-09-Nd-1000% "N 114 ‘(8S61
J0queaoy 8T) LOOY-TOE °‘E¥EBL-D6 6£0-9¢ WI 32w13w0)

‘sftg L€

‘sefled ‘2961 uoﬁ:uz 0f 03 3eque)
‘o1 ouoncn.n-.o 130338} ‘01 °ON 23 J.u_
. . NjUoPIw 4 T
pus T1%H °r m wes104 g °9 "S3IyeI) °'§ ‘H
wtesg ‘3 'y Aq NDLIVOLISAANI TVINGNINAIXE
OGNV AONLS KONVIS ONISSZO0ud VIVU TVOIRIVED

sTwIojI{¥Y)
"¥%d oTwoN ‘AUNLLISNT IV GMOBNVLE

uorjefriseau] [viuem

-yaedxg pue Lpmig
qoavessy Suises

-201d saeq [eoTydesn
I

30) S3E0W0aT 24

£rEeL 06

Sutssesoad

@LJISSVIONN

A23100310 puw meysdg
fSuipod eyuz-4Aataoley -

sigdtea
joanydwpe .obmutﬂonn .
° ssurqoey Swrmawr] -

worjtufodes uwiezyed
6£0-9¢ WJ 3dvIw)y ¢

sauq [worgdesn

oqravduod sae [y ‘PeqrIosep eav pue pedejes
-op woeq sasy 530ewodm0d JO S[EIINYEE 313
wowmod jo serazedosd eayidoriisoreufiem 20 dreulen
-0139070 843 WO o'n’mov seotA®p [eX ‘syewy
worytuleses-uze339d [vez 10) seuigoem Suruive|
Jo Aaryesticead eqa eamsws 03 JWSIITIJRS 5913
-1auenb uy oem IToyy AOI(E [[1a siyfiea eatydepe
isatsusdxeut jo jwewdo[easp oy3 39q3 sy osvwead
[visemepum} Sy] ‘POIIMIITWD g 03 €% ']
‘ouyyosm wotItElodei-uie33ed [eIEewY w

*asodes QALIISSVIND _°Z0-100-3Z-66VE 390foad vu
(0059)T6-16-09-Rd-1000y "ON ®TTd ‘(8561
asqueson §1) L00¥-E ‘SYESL-06 6£0-9E VO 3°e4380)

*sfyg ¢

‘sefed )¢ °* noﬂ:oz og o X
‘o1 z0dey n-mwnwk- [ae3sen) ‘01 oy 33 :
. . Aoy ‘4 T
pu* ‘rI%y °r m._ wes30g 3 ‘9 ‘sayer) °'g °H
‘ureag ‘3 °y NOLLYOLISAANT “TVINSNNGDG
OGNV MNIS HOMVESH ONISSTO0Ud VIVG WOIRIWD

STRI0F T
‘qaed oyusy ‘ALNLLISNI HKMVISH E%




@EIIISSVIONN

€YE8L-08
6£0-9¢ W 3IeII8)

do A103v10qw] Jwem
-doteasg pus yoawessy
[vsdig Amy ‘g°n

‘peqriosep
.u-ooou._o.-n L)

osye oav II SONIN 3© 11w
Te0p A13INIITD

303 suwotjvsI[vel pue sjvemelrnbes

pwe l-o-r ‘asta Jo jutod sivapiey ¥ welj esm

03 astdmts 81 pue ‘Surpod uoa-mnou.o:q- ‘e

[ouIXE y3ta ‘su10139d Indut wopwea ae] ‘A[quiocasj

sezedmod s31wm o1So]-progesiyy ‘satidepe jo asde]

bo-o Azwuirq sy jo Surped SP--wumuo_.-l
‘pesiieumms exv 11 SONIN

. Jo )
peurmieIep sva 3]

uu» o
:—L te0p oy3 03 JwesTIIed selpmis wWOTR|RMIS l-u-mm

IIA

“awezand Lowsmbeaj

-y ®» »M WALIp USHA XR[J IGOUBENEI 38 oY)

03 [vwot3zodosd Jue 9 JTNONIPY-puUCIes ¥ *Iele
-ued YOIYs 8303 punca-sdwy ca3 sesm Iyftsa sy

@IJISSYIONN

£YE8L-06
6£0-9¢ VO 39%33w0)

do Az0yva0q¥] Jwem
-doysang pum yaoimessy
(edllig duay ‘g

X

TTIA

IIA

- Toutxom q31a ‘suiejjvd Jnduy mopwsa 20

‘poqiioeep

os(v sav II SONIN Jo 3twm Suissedozdexd oy3

0J suorausi[sea pws simemsayubes ulysep Lirmmosrs

pue !-r ‘ssta Jo juted sivapivy ® WO} eem

03 aejduts sy pwe ‘Surpod ~3-mhouua~m1 ‘gafee]

wdeo vor-pioyees o eiat

sex 2 s3tem 2 - ‘saty C

® Jo sandimo ».mour_.w‘u uo‘“umvoo ochcu- omuom.cm

povtuiolop sea 1] °pestivemms 81 II SONIN J°©
1s0p oyl 01 Jwsuriied SSIPRIT WOTIS[ANIS WIS

*ausiane Lowsebeay

-y e uu USATID WOWA XR[J JWOUUESI J0u oY)

03 jewotrizodozd Jwe J1NORISY-PEOISE B P3IVIP
~usd Yolya 98302 pumon-ede; oay sesn yftes sIy]

‘A Cr ‘Yrweyoen IA *3803 3wewodwod wy $01308pel [elIWEIequE ® JO ‘R Cr ‘Yrwepoeny A *3900 juswodmod wY W0FINpes [PIIWNI0qus © O

J[RS61 ¥ s peNTWNXS-01 SEa ‘IS JO $33%1) 'S ‘H [RS8 ¥ su peutwexe-o1 ssa 'INS JO sIjer) °§ H

°r°q ‘I A Aq paEsaBT ‘8013813939839 ePui018 S[qRILIeP ‘f°d 'TIH A Aq perwsaut ‘#2139130300a0yd 81038 SqEIIvP

7314 Jyfrea saradupe wy “peeds pwe L3r[IqUIied s 18tea saradope wy peeds pur Lar[iqeites

*d °D ‘wesaog Al gty 20730 SWOIVIRSTIIW0D 8307 $31i3e] samizede ‘2 D ‘wesaog Al Wiy 10530 swoTI0IRSTIN0D 8300 93Tiae] Samizede

~13[™ [s30a0g pepesu JT O190] Jweptadep-saty ~13[wm [vieasg ‘pepess I otSer Iuspusdep-emty

‘S °H ‘majex) I1I| 30 *m eyl sof[® sworjeanitjwod SuI[-wOiesTEERVI) ‘S ‘H ‘s3yea) III| Jo oem oqa aO[[® SWOTIRIRSI}N0D SUI]-WOISETESWEIY

[oTuwos ca] cworywadepe pus IN0-pEea SATIORIIFOPuCH jotwos cap -worjeidepe pus In0-peea salISRIISSPWSE

‘3 v ‘steg 11 303 J150] SSGIPPE-SIVUIPI00I O WI0) WOS YITA ‘3 ‘v ‘ureag I1 20} 31801 STEIPPE-SIFUIPI00D jO WIO) eWOS YIIA

@ELAISSVIOND @GLIISSVYINN

‘peqriosep ‘poqrionep

osye oxe I SONIK j© 3t ’auoooowuu.mm L1 oslv sxv I SONIN J© 3tWm -lunnoooﬂhu ’q

205 swotjezI[ee: pus saveweaTabes whysep A13IMaaTd 20] SWOTISSIIea Ppus SIWeEsainbes diresp L3ymastd

pue -o-r *asta Jo jutod sawapawy ¥ woij esm pus w3 ‘anta Jo Jutod szeapivy B WeI} eem

03 zo7dmts St pwe ‘Surpod uoo.muou.uumq- ‘qafwe] 03 Jejdute st pue ‘Surpod .-ou-m.ouoaumu- ‘padee)

-[emtxva qata ‘suaeraed Andut wopwes 203 ‘Ajquioan] foutzem y3ta ‘suiejazed jndur wopwex 10 ‘Alqeacas})

seavdwod s3twm dtoy-proyseayy ‘satadeps »o 30he] seledmod s3twm otSor-proyssayy ‘satrdepe jo aede]

w 3o s3ndIno Liwwrq oyl JO Suipod s[ni-Ajtiofem ® jo sIndino LAleuiq oyy jo Surpod syni-Ajtzofem

E¥E8L-08 o“u PORTHISIOP §84 7] “pOsTIPmEMS 23% ]I GONIN }© €7E8L-08 u» postuIsIep SUA 3] pexlivmmms o3¢ 1 SONIN }°
6£0-9¢ VI 39%33w0) IIJA] w¥isep oy3 03 jusuirzed setpmIs WOIIB[RELS loa-wm 6£0-9¢ VI 3d%aywo) ] sep oY1 03 JusurIIed SEIpMIS WOTIP[REIS WIS

Az0o3RI0qW] Jwes

‘qus1and Lowsmbesj

A303%10qV¥] Juem

*3wszind Lowsmbes;

-doyea wonsy -ydig ® USAIIp USYA Xn[J JUITYWSI jeu oY) | -doyea 33vesey -yiig ® GOATIP WOWA XM[] IVONTES: 30
! —qum-»u.—o“ ‘SN IIA| o3 -¢u“uuono~»u uﬂolero._nm!hm!_-_looo- . oucuo ! —um'ﬂm-P ‘s'n IIAf o3 7"“0“2—9- 3 2 omecaovluoon . ounuw
-wsd YOIy 99100 pumos-eodey oa3 sesm Iyftea sIy] -wed YItye 9300 punca-edsy oay sesm Jgftea eIy
‘A Cf ‘Wiwepwg 1A *3905 juewodmod ut UOYIONPeI [FIEEISqRS ¥ JO ‘M OCC ‘arusyosy A *3809 jwswcdwod wt $0T300peI [EIIENIEqRE § JO
I[NS91 ¥ s pontEUXe-32 sea 'IyS JO ®IJeI) ‘S ‘H [RS8 ® sv peuTWEX®-81 S®a 'INE JO *Ijer) ‘S ‘H
f°a ‘1T*H A Aq poIwsasEt ‘891T38139300a8yd> 6SR1039 S[qeITsep °f‘qd ‘Tl A Aq peIWeANT °‘$I1I9TI008aeyD afei018 S[quUiITSPp
YI1a 1q8tea eatrrdeps wy ‘peeds pwe Lar[iqeiies a1 Jgitea satidepe wy -peeds pwe Lar[yquifes
‘g ‘D ‘weslog Al Wiy Jejjo swoTIvIndIJR0d 8100 931110) eInjiede *qd ‘D ‘vesiog Al Iy 10JJ0 sWOTIRINITIIWOD 8200 831330] sanjiede
I3[0 [UI0A0g °pepeeu jt 21807 Iwepmedep-emry -13[WE [Iea0g °pepesu T orfo] Iwepusdep-ewiy
*S "H ‘s3je3) III{ 3° °osn syl AOY[¥ SUOTIRIRNTIINOD SUI]-UCTISSIWSURIY ‘S H '’33%a) I11] 7o ®"m syl ao((® SWOTIVINBIJEOD SEI[-WOISSIEEWEI)
oTuos oa] °uoTIv3dype pus INO-pEEI SATIONIIEPWOU otwos oa] ‘worjsidepe puv IN0-PESI SATIONIITEPUON
‘4 'y ‘uivag 1 203 2190] SELIPPR-SIPUTPIOCD JO WIO0] OWOT YITa ‘3 ‘y ‘ureag [I r 303 2150] SEOIPPE-SIVUIP200I JO WIO] SWOS YIIA




wisdrisean] [s3wem

-tasdig pue_Lpurg
qaI3vesey Suisse
-203d ®juq [eorydean

11
207 sjueweztnbex

sayiten

1341 1%

Sutsseooad

GELIISSVIN

A33TM23T0 pue oSy
Surpos eynz-4L3taofey -

ﬁ&uncvc ‘sat ay
soutyoey Jurwivey
wotytufodes uisjjeg

6£0-9¢ Vg I9wa3wo)y °

s3uq [varydesy -

oqravdmed sae ugfj oav puv pedofea
-9p wooq savy 83 3o syelIIsIem 213
L 3o 3«».“&3& !muomuuooar' 30 emuc‘l
-0132078 oq) W Jwepusdep ESa1ASp [RiGASg ORIy
wor3Tedesea-uzeysed [eex 30) seniysem Sutuive]
3¢ ldateoracead eyy samswe o3 JWIITFRS s1)
-13%web UT o¥n ateq AO[[V [[1a saytea satrdepe
lsazswedusur jo juewdersasp oy 33 o1 estmesd
[vauewspunj SYI °Pe3oRIISW00 oq 03 ST 11 SONIN
‘ouTgoum wOT3tIwodsa-uInjed [eruemtiedxs wy

*330des GLIISSYIND °20-100-3Z-66VE 32efo1d wu
(0059)16-16-09-Rd~1000% "N *T%J ‘(8S61
aoqueacy gD L90%- D6 ‘CYEBL-06 6£0-9C WO 3°033u0)

ety L¢
‘ssled )¢ ‘96T 3 ON 0f ©3 iequesdeg |
‘01 3a0dey ocowweum 1an3aem)) ‘g1 "ON 33
a«i ‘A
pue ‘[Ivy °r ' ‘'wesaog °3 ‘n '‘syyex) ‘g ‘H
‘uteag ‘3 °y NDLLVOLISAANI TVINSNIMEAG
OGNV MINIS KAVESA ONISSO0Md VIVd VOIRVD

sIuI0F L[ W)
‘yavd orwey ‘ANLLISNI KMVASM g%

g

worIeftiseau] [vjues

onh&lﬂ
-3014 »38q [vorqdean

11
20j sjusEsal

s3gfiten
satadepe ‘sats

€8l 26

Suyssesoad

@LIISSVINN

A33tm0210 pue weysdg
Suypod sina-A3taofey °

xou]
soutyouy Sutwiee]
wi3tedode: uzeled

6£0-9¢ Vg 39833w0) *

w39g [eorydesn -

srqravdmoo sae ‘POqIIINep ol podeioa
.M"mcooa sany -«g ‘20 -—OMuoa“l'omuL-l
woumed o seyizedead 041301331903 2o s170ufem
-0330079 oy We Fuepuedep SOO1AP [BISASE “SRITY
'muug-lnuul [vez 203 sewtiyoem Sutuiee]
3o »um—-uwuoo o‘uo ouuol ] ou'mumuwnu sot13
-r3uenbd a yiea satydepe
.o»mnlumbnm uomuuu‘oﬂm»-_u.—“u aoy3 o1 esymead
[viewspun; Syl °PeIoMIIEES0 84 03 o1 1T SONIN
‘sutyoen wT3TENOde1-uisyjed [eIwswisedye wy

*3z0dez (RLIISSYM) °20-100-2Z-6OVE 320014 vg
(0059)16-16-09-N4-10009 °ON oIt ‘(861
Joqueacyl §7) LO0P-TO6 ‘E¥E8L-06 6€0-9F WI 39e3380)

ot I

‘seSed )¢ ‘g uuoﬂo‘zse»i 1
‘01 30dey 12032000 “01 ‘o) 330de

[ . Jv W A

pee ‘riey °f m._ wei04 g 9 "e158x) °§ °H

ureag °3 ‘v 4q NDLLVOLISIANI VINEINGAXE

G ANLS KAV INISSTI0N VIVD TVOIVD

STEI0FIT®)
‘naed oywen ‘ALNLLISNI HOMVIERM E%

wotiedIassau] [vIvem
-tasdxy pus Lpmag
Pavessy Suisse
-303d ®3ug [eorydesy

11

203 sjwemsatnbex

s39919a

£9E8L JS

Suissesoad

@LIISSYDN

A33T0daT0 puv weIssg
Sutpoa syma-Ajtzofey

satydepe ‘sats ouy

soutyoey Sutuase]
worytudodas useljed

6€0-9¢ va dexwy

e39q [eorydesy -

s[qravdmod eav [y ‘peqlidosep ese pue pedolsa
-op weoq savy s3Wewsdwod 3O S[PIINIE O3
woms0d jo seljasdoad sa1321238030udem 1o d13eufem
-02300T® sy W0 Jwepwedep seoTARp _!-o»-w-.-a-u
w0T3TEode3-819330d W8I JO] seuIyOvm Juruive]
30 A331991300ad oy3 eamsue 03 JWeTOTIIAS sO1)
-1quemb wT o#m JTeyy AO[[e [[1a s3yftea eatidepe
$2atswedxsut jo ywendoisasp oy3 I9y3 81 esywead
[vIuswspun; oYL °‘PeIoNIIEN0D og 03 5T ‘I SONIN
‘sulyove woT3TElodei-uieyzed [vjwemiiedxs wy

"aa0daa QELIISSYION] _“Z0-100-2Z-66VE 3%efod va
(00$9)16-16-09-Rd-1000% "N ®TtJ *(8S61

Joquoacy 8T) L80P-TI6 °‘£PESL-06 6£0-9¢ VI 3I9933w0) j:.d._q_! ‘oats L4) S
* ssuygoey Surwawey -
9o1311ufones uzelyed

Rt N

1 uoﬁ»oz 03 Jequey
1403208 ‘01 "oN W .
, . Ajueyosy 3 °f
P (LIvH °f °Q ‘wesief -3 -9 ‘ejea) o§ H
‘uyeag °3 °y Aq NOLIVOLISIANI TVLNENINAdG
OGNV ANLS KOMVaS ONISSZO0Md VIVA WOIRIVD

kit 14 b
4% orwen ‘AUNLLISNI IONGM GIIWLE

. .ga .
‘o1 nuxcnn.u-m

w0 T3881199aU] [eIEEW

-taedxy pus Lpmig
yossessy Suisse

-2014 w3eq [vorydesn
Il

J0] sIweWeIl

sIayfitea

€¥e8L 06

Suisseroad

@ALIISSYTIONN

Az31Rnd3at0 puw weshg
Suipod efna-4Ajtsofey

6£0-9¢ WO dva3w0)

saeq [wotqdeag -

o[qravdmed sav [y ‘peqliosep siv pus pedolea
-op weeq savy s3uewedmod 10 STUIINIGE O3
woumod o setizedozd sarisriyscreudve 30 dTieules
-0130]0 sya wo jwepuedep sedta®p [ ‘syeey
w013 1uB0001-u19330d (962 J0] sewiyovw Butuive]
39 A3reor1oead aq1 samswe 03 IWIITFFRE se1)
-tawenh uy oon st0y) Aofie (11 sagdtea satydepe
{sazsusdxeut jo juswidofeasp oq1 39y3 st estmead

" *pO3IINIFEWOD 03 sy !
e e ) o

‘outyoem wOTI1EB0eI-uINI)
*330dex (GLIISSVIND “Z0-100-3Z-66VE 320foad w1
(0059) 16-16709-Kd-10007 “ON Tt ‘(8561
Joqueacy 8T) LOOY-TO6 ‘SYEBL-J6 6£0-9t VI 3de33m0)

*sfvg ¢
‘sefed )¢ ‘ZT9g1 & AON (f 03 IoqEey ¢
‘01 3a0dey ncowueu& 1ae3aen)) ‘01 °“ON u?.

pes ‘LIoy °[ °Q ‘808304 -3 ' 's:jes) € -H
ureag ‘g ‘v Aq NOLLVOLISIANI VLSRRG
GNV AONIS FONVES ONISSTOOMd VIVD TVOID

sTWI0FY[w)
"Aa%d oTen ‘ALALLISNI IOMVESAl QIOBNLE




£YE8L-06
6£0-9¢ v 39%33u0)

do Ax0qu30qw] Jwom
- —Oba vll -—0.-.0-’—
teultg dmay “g°f\

1IN

IIA

"pequaosep
osTe 22v I SONIN 3o 1tem Suresesoidezd eyl
30} swotjesIfee: pue syvemeatnbes wlysep Lirrwcard
pue l-a-r *astA 30 jutod sawapiey ® woij esm
03 xeyduts sy pus ‘Surpod uoo-m-ou.»umu. ‘nafee]
-[wIXvE y3ta ‘suzeljvd Indul wopwea 305 ‘Aiquaoas;
sezedmod s3tem 21S0(-pIOYseIY] ‘SAT) o aske]

v o sandino L3vurq oY) Jo Buipod srni-Ajriolve
uuu.. pouTEISIep sua 3] ‘peslivamms ®av ]I SONIN j©
189p 993 03 jwsuriied solpmis worjE[nELS lca-wm

*3ue3and Lowsabesy

-qiiy » WSALID WOYA XR[] IJWOUDNSa 19
o —-kuoao»u acolor. o‘nmsolu:-‘-looo- . ou"uu
-ued YOIYA 58107 punca-edel oay sesm Iydtea sIy]

GALIISSVIONT

€YE8L-0S
6£0-9¢ W 3v3300)

4 Azoyaoqe] rmem
-doysasg pue yoiwessy
[eultg dmsy °g°f)

osye e1v ]I SONIN JO 3twm Surssescadexd eq3
10j swotresi[ves pus sywemsapabes wlisep La3Tndatd
pus WS ‘ansts Jo juted sIvapivy v Wi} eem
03 3e7dmts sy pus ‘Suyrpoo uoo-muou-uumq. ‘walwey
L [outxes 11a ‘suiejjed Jndur wopwes 10) ‘Ajquaeany
seavdmod sytwm orfol-pleqssays ‘satidepe Jo aeke]

® Jo sandano Lisutq oy Jo SuIpod s[ai-A3tio(em

3 pouTHIIIGp Sea 3] ‘pextivamms o3v 1T SONIN J°©

111Al tsep oy3 03 JusuTIINd SOTPRIS WOIIV[RWIS WIS
*awszand Lowenbesy
-yhig e »u USALIP WOWA XR[J JUOUBESI 108 O3
11A ] °3 (sworiaodoad rwe STUORISY-PEOJSS © 98I0

-usf YOIYa €202 pumca-ede; ca3 seem Igftes sIYL

‘A ‘Yrmsyosy JA *3802 juewodmod wy w0TIoRpes [PIIWEISqRS ¥ JO ‘A °C ‘Yruswoey A *3902 juswodwod wy W0TI00pes [PIIWNISqRS ¢ JO

I[ass2 ® sv peurwexe-s1 swa 'INS JO #3}93) ‘S ‘H I[NSSI ¥ SV PouINNXs-81 s 'INE JO SIFeX) S ‘H

r°ad ‘TIH A Aq pojssant ‘®313813939839yd 8891038 s[quilsep ' ‘TtI%H A Aq pejusaut ‘$a138TIe308aeyD efviols slquaieep

a1 19910a sayadeps uwy -peeds pws Lar{iquies Qta 1gftea eatadpe wy -peeds pus L3r[IqUies

‘g "D ‘wesiog Al 9Bty 19330 swotjeandiIzwoo 9302 93Tiie} eimjaede ‘qd ‘9 ‘uwesaog Al Y1y 10jJ0 swoTIRIARTIE0O 8102 931110 samixede

~1a[em [sisasg -pepesu jt d1fo] Juepusdep-smry ~1i[am [sioasg °pepesu jy >rSo] Juspuedep-swr)y

‘S "H ‘s3jer) III| 3o osm syl ao[I® swoIIeInfIjU00 SUI]-WOTSSIEINEI) ‘S ‘H ‘s3jea) III| 30 osn eyqy so((® sworjvamfijecd sut]-worssTESWEI)

oTuos oa] ‘worjeidepe puw IN0-PESI SATIONIIEGPEOE Lom..e- oa] -uorie3deps puS IN0-PESI SATIINIISEPEOR

g 'y ‘uteag ]I 303 21507 SSeIPPU-93IUIPI00D JO WIO) IWOE YIlA ‘g 'y ‘urvag ]I 210} 9150] SSSIPPE-SIVETIPIGOD JO WIO) SWOS YITA
@IJISSYIONN @ELIISSVIONN

‘peqiaos ‘peqraseep

osye aae II SONIN J© atum n-.noogau.a ouu_. osye oxv II SONIN j© twm n-na.ooewmu.mﬁ m

205 suotjezt[ess pus sisaweirnbes uysep Ki31md3Td 307 swotjezrI(ves pus sjwewsitnbes udsep Lzamaars

puv 'u-r ‘a9ta JO 3ul0d sJyeapivy v WOlj esm pue loa.r *a9tA 3O jutod sivapivy ® WOi} esm

03 zo[dmts st pue ‘Surpod uou-m.ou-uumu- ‘qafuey 03 Jetduts st pwe ‘Surpod ieisrer-31jtys ‘wadwel

-jemixem q1ta ‘suie3jed Indut wopuea 20) ‘Ajqeicas} emIxem g3ta ‘suaejzed jndut wopwes 10} ‘A[qeicas)

soavdeod s3tem orSol-proyssayy ‘caradepe me 304w} seavdeod s3tem 21S0]-proyssayy ‘sayadepe wo 20k}

v jJo s3ndino LIvulq oy3 JO Fuipod oni-Ajraolem v jo syndamo Lisuiq oy3 JO Surpod synz-A3raofem

€7£8.-08 uuu PouTEIa}Ip S8A 3] “postivmmms o3v ]] SONIN j© £¥E8L-06 au.. pouTmISIep §BA 3] “pexlivwmme oas ] SONIN J©

6£0-9¢ VI 39%13u0) IIIA| u¥isep aya 03 Jweutiaed seIpnis worIv[REIs wWesig 6£0-9¢ w3 39v3Iwo) II Tsep agy 03 jwsutized seypmis worje[mmts l-u-mn

Al03810q¥] juem *auezamd Lsusabesj £103830qW] Jusm ‘3wsaand Lowenbesj

-dojeaaq pue yoawessy -gfiy ® »u USATJIP UOUA XN} JueUTESl j8u 243 | -do[eang pwe yoawessy -@ig e -u WOALIP WORA XRM[J IWSUGESI 308 oY)

1eultg Amay ‘'] IIA| o3 [swotizodoad uwe 2 OTUORISY-PUOIIS ® 93819 {oulig Amay ‘g°| IIA| o2 [ewotiraodoad 3 3 JTUOEMIBY-PUOISS ¥ 9I8IS

-uwsd Yotya #8303 punoca-edel oa3 sesm IyStea sty -ws® YOIy 90300 pumoa-ede3 oca3 sesm Iyfrea sIY]

‘s °f ‘Yruesqoey A *3902 jueucdmod st UOTI0RPeJ [FIIWEISqRS ¥ JO ‘A ‘qrusyoey A *3902 1m9wodmod uY ¥0T300POI [PIJESIOEMS © JO

I[RSSI ¥ SV PONTEOXO-21 SBA 'IYS JO €31J8I) 'S ‘H [RS8 © UV POUTHEXS-8X Swa ‘IS JO ®3je) ‘S 'H

f °d ‘11°H A Aq poImoauT ‘SI138TI93ONINYD 88910318 e[qualsep f°ad ‘TIH A Aq pejmeAuT ‘S$2135110138auyd 8BRI038 STqUILNSP

q31a 1yftea sarrdepy wy ‘pIeds pwe L3rjIquires [ta Jyftea eatadeps wy -peeds pwe Lyr[rqeijes

4 ‘D ‘mesiog Al 491y 39330 swotyeiafIIwod 9100 931319) eInjiede ‘g ‘D ‘uvesiog Al Wiy 30530 swOTIRIRSIJE0D 0100 #3T120] sanyiede

~13[m [va0aeg ‘pepesu JT 2180 juepuedep-emly -13[am [vasasg ‘pepesu T otSo] wspusdep-swry

S °H ‘s33%1) III] 3© osm 3y3 A0[]® SWOTIRINIIJw0D SUT[-UOISPIWNERIY ‘S ‘H ‘s33%3) III[ Jo osm oy3 ao1[® SWOIILIRIIIW0D SUT]-WOTSSIWSUEI)

21wos oa] ‘woTIwIdePpe puv INO-PESI SATIINIISSPUOU TUos oAl ‘woTI83depPe PES IN0-PESI SATIIINIISEPUSN

@ 'y ‘uteag II 403 31301 $$3IpPE-9IFUIPI00] JO WIO] ewos Yila ‘3 'y ‘uteag II _o 303 J1S0] $801ppPE-SITUIPIO00I JO WIO) ewos YIta

—




STANFORD
RESEARCH | chLiromNin
INSTITUTE

Regional Offices and Laboratories

Southem California Laboratories
820 Mission Strest
South Pssadena, Californis

Washin, Office
08 17th Strest, N.W.
Washington 5, 0.C.

New York Office
210 Park Avenus, Room 1770
New York 17, New York

Detroit Office
The Stevens Building
1025 East Maple Rosd
Birmingham, Michigan

Eu n Office
o
Zurich 1, Switzertand

Representatives

Finance Factors Building
195 South King Street
Honol waii

London, Ontario, Canada
85 Wychwood Park
London 14, Ontario, Canada

London, England
15 ry Close
London W. 14, England

Milan, Italy
Via Macedonio Melloni 40
Milano, italy

Tok
xol Ilno Bmlducvg'
issiwai-cho, Chiyoda-ku
Tokyo Jmn



